Sindbis virus can adsorb to chicken embryo fibroblasts in two different ways. "Loosely" bound virus can be washed off the cell with buffers of ionic strength 0.2 or greater, whereas "tightly" bound virus remains attached under these conditions. When Sindbis virus is adsorbed to chick cells at 4 C from a buffer of ionic strength 0.17, 40 to 50% of the adsorbed virus is loosely bound, the remainder tightly bound. Infection of chick cells by Sindbis virus has only small effects on the total amount of virus that can be bound to the cells. However, the amount of Sindbis virus that can be tightly bound declines rapidly beginning at 2 to 3 h after infection. By 7 h after infection, the amount of virus that can be tightly bound is only 10 to 20% of the amount bound to uninfected cells. The adsorption (and penetration) of virus at 37 C is most efficient at an ionic strength of 0.15 to 0.17; at this ionic strength most of the adsorbed virus is tightly bound. At higher ionic strengths the virus adsorbs poorly. At lower ionic strengths most of the virus is loosely bound. A second enveloped virus, vesicular stomatitis virus, has been studied for the purposes of comparison; its adsorption behavior differs from that of Sindbis virus.
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The first step in the infection of a cell by a virus is the adsorption of the virus to a specific receptor on the cell surface. This is followed by a configurational rearrangement of the virus particle that leads to the loss of particle infectivity ("eclipse") and, in some way, to the introduction of the virus nucleic acid into the cell. Many of the details of these early events have been established for bacteriophage (1, 18, 20) , but relatively little is known in the case of animal viruses. Studies on the adsorption of poliovirus to HeLa cells in suspension culture demonstrated that the adsorption of virus followed classical kinetics (2, 8) ; adsorption occurs efficiently at 0 C. Eclipse and penetration, however, do not occur in the cold; temperatures of 20 C or higher are required, and the eclipse event is separate from the adsorption event.
After eclipse of the virus particle, a noninfectious particle can be eluted from the cell that still contains all of the nucleic acid and protein of the virion (8, 11, 14) . Furthermore, the virus particle may eclipse upon reaction with subcellular fractions, which presumably contain the virus receptor.
Enveloped animal viruses also appear to 'Present address: Department of Microbiology, University of Illinois at the Medical Center, Chicago, Ill. 60680. adsorb to specific receptors on the surface of the susceptible cell. The receptors for the myxoviruses and paramyxoviruses involve sialic acid, because removal of sialic acid from otherwise sensitive cells renders these cells unable to adsorb the virus (12, 16) . In the case of enveloped viruses, however, the event corresponding to eclipse of the picornaviruses appears to be a fusion of the virus envelope with the surface membrane of the cell (17) .
We have been studying the adsorption of Sindbis virus, a group A arbovirus, to chicken embryo fibroblasts and the influence of ionic strength upon this early event in infection. (22) .
MATERIALS
Medium bathing a roller-bottle monolayer was changed 3 h before infection with 50 ml of Eagle medium containing 2% fetal calf serum. The cells were infected with virus at a multiplicity of 20 PFU per cell from 10 ml of phosphate-buffered saline (PBS) (9) (Fig. 1) . Peak fractions were pooled and dialyzed for 2 h at 4 C against a large volume of PBS.
In some cases the virus was concentrated by precipitation with polyethylene glycol (13, 15) period at 37 C, the inoculum was removed and 3 ml of Eagle medium containing 2% fetal calf serum was added. Mock-infected cells were treated similarly but without virus.
Adsorption of "C-labeled virus. For experiments at 4 C, petri plates were removed to the cold room and allowed to chill. The medium was removed by aspiration, the plates were allowed to drain tipped on edge, and any residual medium was removed. A 1-or 0.5-ml portion of PBS containing 1% fetal calf serum and 103 to 104 counts per min of "4C-labeled virus was added to each plate. The plates were rocked at 15-min intervals to redistribute the inoculum. After 90 min of adsorption, the inoculum was removed by aspiration, and the monolayer was washed twice with 5-ml portions of the appropriate buffer. The plates were drained well, and the monolayers were dissolved in 2 ml of 1% sodium dodecyl sulfate (SDS).
Monolayers to be pretreated with high-ionicstrength buffer before virus adsorption were treated similarly, but after removal of the culture fluid 5 ml of high-ionic-strength buffer (usually 0.2 M NaCl containing 0.01 M phosphate, pH 7.4) was added. This buffer was removed, and the monolayers were washed once with 5 ml of 0.15 M NaCl containing 0.01 M phosphate before the virus inoculum was added.
Adsorption experiments at 37 C were similar in design, but manipulations were performed at room temperature and adsorption steps at 37 C. The monolayers were also incubated for 10 min at 37 C in the wash solutions used to remove unadsorbed virus.
Assay of bound virus. Monolayers dissolved in 1% SDS were precipitated with trichloroacetic acid (20% final concentration). The precipitates were collected on DA membrane filters (Millipore Corp.), dried thoroughly at 60 C, and counted in 5 ml of toluenefluor. 4 C out of 0.5 ml containing 5,400 counts/min. The monolayers were then washed twice at 4 C with sodium chloridephosphate butfers of ionic strength 0.17 (0) or 0.27, (0), and the radioactivity remaining bound to the monolayers was assayed. A growth curve of the virus is shown for the same experiment (A).
RESULTS
VOL. 13, 1974 their ability to adsorb Sindbis virus at various times after Sindbis infection. Radioactive virus was adsorbed to the cells for 90 min at 4 C, and the cells were then washed with sodium chloride-phosphate solutions that were either 0.17 or 0.27 in ionic strength. The results are shown in Fig. 4 . Also plotted is a growth curve of the virus performed at the same time to indicate the course of the infection. Most of the loss in tight binding occurs between 2 and 4 h after infection, with a slower, continued decline thereafter. At 3 h after infection, fewer than 10 PFU/cells have been released into the culture fluid. Thus, the reduction in binding begins when less than 1% of the 8-h virus yield has been produced. Virus is still being actively produced at 8 h; cells continue to yield virus under these conditions until about 12 h after infection.
In the experiment of Fig. 4 , there is also a progressive decline in the total amount of virus bound by the infected cells. The total amount of virus bound by infected cells has been variable from experiment to experiment, but most often results comparable to Fig. 3 have been obtained, where the total amount of virus bound to infected cells is only slightly less than that bound by uninfected cells.
The decrease in binding of Sindbis virus to Sindbis virus-infected cells is accompanied by an increase in the binding of an unrelated virus, VSV, (Table 1) implying that loss of Sindbis binding is not due to changes in cell surface area but rather to configurational changes occurring at the cell surface.
Binding of VSV to cells. VSV, a bulletshaped virus, is another enveloped virus that matures by budding, but is quite different in structure from Sindbis virus. For the purposes Fig. 5 . This may be compared with the growth curve of Sindbis virus in Fig. 4 . The binding of VSV to cells as a function of ionic strength is shown in Fig. 6 . In contrast to the results with Sindbis virus, VSV binds equally well to cells infected for 8 h with VSV as it does to uninfected cells. In addition, the dependence upon ionic strength for elution of the virus is not as marked.
Sindbis virus, however, binds somewhat less readily to VSV-infected cells than to uninfected cells ( The sites on the cell surface responsible for tight binding of Sindbis virus decline early after infection, beginning at a time when only a small fraction of the final virus yield has been produced. Loose binding of virus is affected relatively little. We have considered the possibility that loss of these sites is due to saturation by progeny virus particles, but this seems unlikely because the loss begins early and loose binding is not appreciably affected. In addition, one would expect a similar phenomenon to occur with VSV, which also releases progeny virus into the medium, but it does not. The loss of tight binding sites coincides with several other events reflecting changes in the cell surface at 3 to 5 h after infection. Cells become agglutinable at this time by several of the plant lectins (4), cells acquire the ability to hemadsorb red blood cells (7), budding virus can be detected in the electron microscope (3), and the cells will adsorb increased quantities of the unrelated virus VsV.
The loose binding of Sindbis virus may be a nonspecific adsorption of the virus, unrelated to virus infection. Alternatively, adsorption of the virus may be a two-stage event. Virus is first loosely bound, then a certain fraction of this bound virus undergoes a second event that converts the viruses to being tightly bound. Tight binding of the viruses could be due to attachment of the virus to several receptors simultaneously. In this case, the loss of tight binding after Sindbis infection could be due either to a general reduction of virus receptors, making attachment to multiple sites less probable, or to an alteration in the clustering of the sites on the cell surface.
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